with reanalysis data for periods of high and low sea ice conditions. Under low sea ice condition 23 we find enhanced coupling between troposphere and stratosphere starting in November with 24 preferred polar stratospheric vortex breakdowns in February, which then feeds back to the reduced vertical stability lead to enhanced baroclinic systems [Jaiser et al., 2012] , which result 40 in more frequent and more intense Arctic synoptic cyclones in autumn [Stroeve et al., 2012] . 41 Arctic changes have remote influences via multiple mechanisms and processes [Vihma, 42 2014]. Previous discussions involve a stronger Arctic Dipole [Overland and Wang, 2010;  43 Blüthgen et al., 2012] , enhanced blocking highs [Liu et al., 2012; Tang et al., 2013] , and changes 44 in jet stream characteristics and planetary wave propagation [Jaiser et al., 2012; Outten and 45 Esau, 2012; Francis and Vavrus, 2012] . While changes in horizontal planetary wave 46 characteristics are debated [Barnes, 2013] , there is strong evidence that vertical wave 47 propagation and consequently the stratosphere play a major role in the Arctic to mid-latitude [Matsuno, 1971] . These anomalies then propagate downward from the upper stratosphere and 52 reach the troposphere leading to negative Northern Annular Modes (NAMs) 53 Dunkerton, 1999, 2001; Polvani and Waugh, 2004] . In this way, negative NAM events can be 54 related to reduced sea ice conditions as observations suggest for the recent decade. However, it 55 has to be remarked that the manifestation of the tropospheric response is generally non-linear. It 56 depends on the amount of sea ice loss [Petoukhov and Semenov, 2010] as well as on the location 57 of sea ice loss [Rinke et al., 2013; Pedersen et al., 2015] . 58 Snow cover changes have been also discussed as a driver of large scale atmospheric 59 circulation changes emerging from the Arctic [Cohen et al., 2007] . Cohen et al. [2014] discussed 60 Arctic sea ice and snow cover as cryospheric forcings that jointly influence mid-latitude weather. The question arises whether both drivers are interrelated or independent with similar pathways 62 and consequences. Wegmann et al. [2015] discussed a possible connection and found that the 63 loss of sea ice could increase the autumn snow cover as ice free Arctic marginal seas are an 64 increasing moisture source for the Eurasian continent. Nonetheless, the relative roles of sea ice 65 and snow remain open in the question of Arctic to mid-latitude climate linkages. 66 Recently, Nakamura et al. [2015] showed that the Arctic sea ice reduction alone results in 67 modulation of atmospheric circulation so as to weaken the polar vortex with a consequential In this study we use daily data at 2° horizontal resolution from 1979 to 2014. 83 We selected two time periods to represent low and high sea ice conditions in ERA- 84 Interim data. The selection of time periods for the analysis has to be balanced between short time 85 periods for more pronounced sea ice differences and longer time periods for better statistics. In 86 this study, we preferred long continuing time periods and will show that the actual sea ice 87 anomalies are in very good agreement with anomalies based on shorter time periods. 88 Furthermore, the selected periods are consistent with our previous studies [Jaiser et al. 2012, 89 2013], except for the addition of most recent winters. The period for high and low sea ice The sea ice concentration data is linearly converted to sea ice thickness between 0 and 50 cm. 103 This approach has been chosen to simulate the actual turbulent heat flux from the ocean to the 104 atmosphere reasonably well as described in Nakamura et al. [2015] . Sea surface temperature The discussion here is based on averaged multi-year time periods to achieve an optimal 299 comparability between the model experiment with perpetual years and the reanalysis as well as 300 to perform a statistically reliable analysis. With this approach variability exists in both datasets. conditions is compared to the 90s decade, but this confirms the influence of sea ice in two ways: 447 First, the sea ice extent and volume difference is largest if the 80s decade is taken as a reference. 448 Second, the stratospheric variability is more comparable between 80s decade and the low ice 449 period in terms of SSWs. Therefore the stratospheric internal variability is less likely the 450 underlying cause of the observed large differences in the troposphere and stratosphere described 451 in this study underpinning the impact of sea ice changes. is to have more model studies of both kinds with different models. 478 One Arctic impact factor that has always been discussed in relation to sea ice is snow. 
